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Abstract
The effects of Enterovirus 71 (HEV71) infection on African green monkey kidney cells (Vero) were
investigated.  It was found that the infected cells showed progressive cellular morphological changes
characteristic in apoptotic cells within 10 hours post-infection.  The number of apoptotic cells
correlated significantly with the number of HEV71 antigen positive cells when cells were labeled
using terminal deoxynucleotidyl transferase (TdT)-mediated dUTP nick-end labeling (TUNEL) and
stained for HEV71 antigen.  Approximately 11, 26, 45 and 50 % of the infected cells were apoptotic
at 12, 24, 48 and 72 hours post-infection, respectively. Internucleosomal DNA fragmentation,
characteristic in the late stage of apoptosis was noted beginning on day 2 post-infection.  The DNA
fragmentation, however, was absent in cells treated with the heat- and ultraviolet light-inactivated
virus inocula.  These results demonstrate the capacity of HEV71 to induce apoptosis in the infected
cells.  The induction, however, requires high level of HEV71 infectivity and the presence of live virus
particles, suggesting the need for the presence of specific viral proteins for apoptosis to occur.
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encephalomyelitis.4,8,9  Hence, it was suggested
that most patients succumbed to the complications
associated with HEV71 infecting the brainstem
leading to pulmonary oedema and cardiac
dysfunction.4,8  In support of this suggestion was
the detection of HEV71 antigen positive cells
and also evidence suggesting typical
inflammatory responses in a few of the affected
patients’ tissues. 4,9,10   However, in a number of
cases no evidence of significant inflammatory
responses or the presence of viral antigens was
reported.  These raised the possibility that perhaps
in these tissues most of the infected cells were
removed following activation of the apoptotic
cellular defense pathways.  To investigate this
possibility, in the present study the effects of
HEV71 infection on African green monkey
kidney cells (Vero) cultured in vitro were
investigated.
MATERIALS AND METHODS
Cells, Virus Infection and Propagation
HEV71 (EV71/7/97/UH1, accession number
AJ238445) used in the present study was isolated
from the brain of a patient who died of HEV71-
associated neurogenic pulmonary oedema.4,11  The
virus was propagated in Vero cells (American
Type Culture Collection, Rockville, MD, USA)
INTRODUCTION
Enterovirus 71 (HEV71), a member of the genus
Enterovirus is an icosahedral, non-enveloped,
positive single stranded RNA virus belonging to
the Picornaviridae family.  The virus was first
isolated and described from a patient presenting
with symptoms of neurological infection during
an outbreak of the hand, foot and mouth disease
(HFMD) in California in 1969.1    Infection with
the virus normally causes mild non life
threatening disease and most of the affected
patients recover uneventfully.  Serious
complications subsequent to an infection by the
virus are rare.  However, in some outbreaks
patients with severe neurological illnesses have
been reported; even so in most instances fatalities
were rare.2   Outbreaks of HEV71 infection
involving a high number of deaths nonetheless,
have been reported in Bulgaria in 19793 and
more recently in Malaysia4,5,6 and Singapore7 in
1997 and a year later in Taiwan8.  In these later
outbreaks, it was reported that most patients died
within 24 hours of admission to the hospital
suggesting a rapid deterioration of the patients’
vital functions.  Affected patients’ chest
examination revealed evidence of pulmonary
oedema and pathological findings from autopsy
showed evidence of brainstem
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and the crude virus inoculum was prepared by
freeze-thawing the infected cells.  The titer of
the resulting virus inoculum was determined by
performing virus plaque assays.  Throughout the
study, unless otherwise mentioned, Vero cells
were infected with the virus inoculum to give an
estimated multiplicity of infection (MOI) of ~ 1-
5 plaque forming units per cell (PFU/cell).  The
development of cytopathic effects was monitored
daily following the infection under an inverted
microscope.
Inactivation of virus
In experiments requiring inactivated virus,
HEV71 inoculum was heat-inactivated by
incubating it at 56° C for 30 minutes or boiling
for 10 minutes.  For ultraviolet (uv) light
inactivation, the virus inoculum was placed in
60 mm2 tissue culture dishes (Costar, USA) and
irradiated using a uv-crosslinker (Spectrolinker
XL-1500 UV Crosslinker, Spectronics
Corporation, USA) on ice to give an estimated
uv light dosages of 100, 500 and 2000 J/cm2,
respectively.  Virus infectivity before and after
inactivation was determined using virus plaque
assay as mentioned above.
Detection of antigen and apoptotic cells
Mock-treated or virus-infected cells were scraped
from the tissue culture flasks at selected intervals
post-infection.  Cells were placed on Teflon-
coated slides and fixed in ice-cold acetone for
15 minutes.  The presence of HEV71-infected
cells was determined using monoclonal antibody
specific against HEV71 (Cat. #3324, Chemicon,
USA) and TRITC-conjugated anti-mouse IgG
as the secondary antibody.  Cells were then
washed with phosphate-buffered saline and
stained for apoptotic cells using terminal
deoxynucleotidyl transferase (TdT)-mediated
dUTP nick-end labeling (TUNEL) following
the protocol as recommended by the Promega
Apoptosis Detection kit manufacturer (Promega,
Madison, WI, USA).  Cells were viewed under
a Zeiss Axiolab fluorescence microscope (Zeiss,
Germany).  The number of cells stained positive
for virus antigen or apoptosis alone or positive
for both antigen and apoptosis were counted
from ten randomly picked microscopic fields.
The averages were determined and the
percentages were calculated and used for
ANOVA and Pearson’s correlation statistical
analyses.
DNA fragmentation assay
DNA fragmentation assay for the assessment of
apoptotic cellular DNA fragmentation was
performed as previously described.12 Treated
cells were scraped, sedimented by centrifugation
and lysed in 1 % N-laurylsarcosine, 0.2 % sodium
deoxycholate and proteinase K (1mg/ml) in L-
buffer with 0.01M Tris-HCl pH 7.6, 0.02M
NaCl and 0.1M EDTA.  Oligonucleosomal DNA
was separated by agarose gel electrophoresis as
previously described.13
RESULTS
HEV71 infection of Vero cells resulted in
characteristic cellular morphological changes
within 10 hours post-infection.  In general, cells
were rounded and refractile and evidence of
fragmented cells were noted in the HEV71-
infected cell cultures (Fig. 1a).  At 48 hours
post-infection, at least 50 % of the infected cells
were rounded and refractile when viewed under
the microscope (Fig. 2).  Evidence of cellular
membrane blebbing, formation of dendritic-like
projections protruding from the cell membrane
and fragmentation of the infected cells were
noted (Fig. 1a).  The percentage of cells
manifesting these cellular morphological changes
increased steadily with increasing number of
days post-infection.  These changes were
observed only in the HEV71-infected Vero cells
and not in the mock-treated cell cultures (Fig.
2). A significant correlation (r = 0.965, Pearson’s)
between the percentages of rounded cells with
hours post-infection was demonstrated in
HEV71-infected cell cultures but a poor
correlation (r = 0.081, Pearson’s) was obtained
with the mock-treated samples.  Hence, the
percentage of rounded cells in the HEV71-
infected cell culture could perhaps be used as an
estimate for the extent of HEV71 infection in
vitro.
The possibility that HEV71 infection
stimulated apoptotic cellular responses was
examined further using TUNEL.  Using this
detection method, the presence of HEV71 antigen
positive cells was detectable as early as at 12
hours post-infection and increased till ~ 66 % of
the cell population by 72 hours post-infection.
It was also noted that at 12, 24, 48 and 72 hours
post-infection, approximately 11, 26, 45 and 50
% of the infected cells were apoptotic,
respectively  (Fig. 3).  Double staining of the
HEV71-infected cells for the presence of specific
virus antigens using immunofluorescence
(TRITC) staining and TUNEL showed a
significant correlation (r = 0.957, Pearson’s)
between the average percentage of HEV71
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FIG. 1: Changes in Vero cells morphology upon infection with HEV71.  At 48 hours post-
infection, dendritic-liked projections (arrowhead), membrane cell blebbing (big arrow)
and fragmented cells (small arrow) were noted (a).  More rounded and refractile cells
were also observed in the HEV71-infected cells as compared to the mock-treated cells
(b).  Cells were viewed using an inverted microscope (Zeiss Televal, Zeiss, Germany)
at 200 X magnification and photographed using a Nikon F3 (Nikon, Japan) SLR
camera.
FIG. 2: Percentage of Vero cells showing cytopathologic effects of HEV71 infection. Cells were infected at ~
5 PFU/cell.  The average number of rounded cells per microscopic field was determined from the
HEV71-infected cell culture and mock-treated cells.  Data shown were cumulative averages from at
least 10 microscopic fields.
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FIG. 3: Induction of apoptosis in HEV71-infected Vero cell cultures.  Cells were infected at MOI of ~5 PFU/
cell. The percentages of cells positive for the presence of HEV71, positive for apoptotic cells or positive
for both antigen and apoptosis were determined from at least ten microscopic fields and used for the
statistical analysis.
FIG. 4: Influence of virus infectivity on HEV71 induced apoptosis.  Infected and mock-treated cells DNA were
prepared at selected intervals post-infection and separated by agarose gel electrophoresis.  Cellular
DNA fragmentation was detected in HEV71-infected cells DNA samples beginning from day 2 post-
infection (a).  The influence of input multiplicity of infection (b), uv light-inactivated virus inocula and
heat inactivation at 56° C for 30 minutes or boiling for 10 minutes of the HEV71 inocula (c).  No cellular
DNA fragmentation was detected in mock-infected cells (C).  The molecular mass markers (M) shown
are in kilobase (kb).
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antigen positive cells and the apoptotic cells.
These findings suggested that there was a direct
correlation between HEV71 infection and the
induction of apoptosis in Vero cells.
The presence of fragmented apoptotic cellular
DNA in HEV71-infected cells was demonstrated
further using agarose gel electrophoresis of the
infected cells DNA. Oligonucleosomal DNA
fragments observed as DNA ladders differing
by repeating unit of about 180-200 bp were
observed in HEV71-infected cells DNA prepared
on day 2, 3 and 4 post-infection (Fig. 4a).  No
DNA ladders were noted in the mock-treated
cells samples prepared in parallel even after 4
days following the treatment with the mock
infecting fluid.  The DNA ladders were detected
in the infected cells samples at 16 hours post-
infection only when cells were infected at MOI
of > 5 PFU/cell (Fig. 4b) suggesting that the
induction of apoptosis by HEV71 was dependent
on at least the present of sufficient number of
virus particles.  To examine if live virus was
necessary for the induction of apoptosis, Vero
cells were treated with inactivated and partially
inactivated HEV71 inocula and the effects of
the treatment were examined using agarose gel
electrophoresis of the infected cells DNA.  From
this study, it was observed that uv irradiation of
the virus inoculum at 100 J/cm2 did not abolish
the capacity of HEV71 to induce the formation
of the apoptotic cellular DNA ladders.  However,
exposure of the virus inoculum at 500 and 2000
J/cm2 which effectively inactivated the virus
infectivity, rendered the HEV71 inocula
ineffective in inducing apoptosis (Fig. 4c).
Similarly, no DNA ladders were detected in
samples treated with either heat-treated or boiled
HEV71 virus inoculum (Fig. 4c), suggesting
that infectious HEV71 was necessary for the
induction of apoptosis to occur in Vero cells.
DISCUSSION
The potential involvement of apoptosis in HEV71
infection was first eluded during an investigation
of the causal agent for an outbreak of HFMD-
associated fatal childhood viral infection in
Sarawak, Malaysia in 1997.14,15  In that outbreak
at least 31 deaths were reported and the inocula
derived from some of the patients’ specimens
were shown to induce apoptosis in vitro.  Though,
the causal agent of the fatal outbreak was never
really identified, with reports of isolation of a
novel Adenovirus from some of the fatal cases
in addition to HEV71,16,17 the high prevalence of
HEV71 isolated from the population at that time
and the confirmation of HEV71 as the causal
agent of a subsequent fatal HFMD-associated
outbreak in Malaysia strongly suggests the
involvement of HEV71 in the Sarawak’s
outbreak.4  In the outbreak that occurred in
Peninsular Malaysia, deaths were attributed to
neurogenic pulmonary oedema possibly as a
result of HEV71 infection of the brainstem.4
Evidence of apoptosis, however, was reported
from the lung tissue of one of the deceased
patient.11  Attempts to demonstrate the presence
of HEV71 directly in samples showing apoptotic
cellular responses, however, were successful in
only one of the patient’s sample,14 raising initial
doubt that apoptosis noted were caused by
HEV71 infection.  Nonetheless, it was argued
that perhaps the inability to detect HEV71
positive cells in the patients’ tissues was due to
the induction of apoptosis that prevented further
replication of the virus.  Furthermore, the
manifestation of apoptosis detected by the DNA
fragmentation assay, was actually the terminal
event in the apoptosis pathway in which possibly
all virus replication have been terminated.
Isolation of HEV71 from the single positive
patient’s sample was made only after the initial
patient’s specimen were passaged several times,
suggesting a very low presence of HEV71.  To
demonstrate if HEV71 can indeed cause
apoptosis, in the present study, an  isolate from
one of the fatal case4,11 was used to infect Vero
cells.
It was found that HEV71 infection of cultured
Vero cells resulted in characteristic cellular
morphological changes similar to that previously
described for poliovirus-infected apoptotic
cells.18  Additionally, in agreement with these
observations was the presence of characteristic
apoptotic cellular DNA fragments demonstrated
indirectly using TUNEL and directly by agarose
gel electrophoresis of the HEV71-infected Vero
cells DNA.  The presence of specific viral
antigens in cells expressing apoptotic features,
added further support to the possible involvement
of apoptosis in the pathogenesis of HEV71
infection.  As the manifestation of apoptosis
was detected by TUNEL and agarose gel
electrophoresis only when cells were infected
with live virus at ~ 5 PFU/cell; it also suggests
that a relatively high virus infectivity was
necessary for apoptosis to be detected in cell
cultures.  These may also help to explain the
inability to detect the presence of HEV71 antigen
or apoptotic cells in tissues of patients who
succumbed to the HEV71-associated
encephalitis; since in these patients it is very
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likely that the infectivity could be significantly
much lower then that used in the present study.
The relationship between the ability to induce
apoptosis and the manifestation of the disease
severity in HFMD is as yet has not been
established for HEV71 infection.  In other virus
infections, apoptosis is thought to play an
important role in the manifestation of the disease
by directly affecting the neurons such as in
rabies virus,19 poliovirus20 and Sindbis virus21
infections of mice or as a consequence of the
host immune responses involving cytotoxic T
cells22 and the various cytokines23 as noted in
human immunodeficiency virus infection.  As
apoptosis has been shown to result in discrete
removal of the diseased or infected cells in
contrast to necrosis in which there is a significant
involvement of inflammatory responses,24 it is
speculated here that the lack of detectable
neuronal damage reported in most patients who
succumbed to HEV71 infections9,10 was probably
due to the effective removal of the infected cells
through apoptosis.  The removal of these infected
neurons, however, indirectly resulted in damage
to the vasomotor center hence resulting in the
HEV71-associated neurogenic pulmonary
oedema.4,9
In summary, results presented here
demonstrate the capacity of HEV71 to induce
apoptosis.  The induction, however, requires
high level of HEV71 infectivity and the presence
of live virus particles suggesting the need for the
presence of specific viral proteins for apoptosis
to occur.  Apoptosis is also suggested as a
possible mechanism whereby the virus indirectly
affects hosts and caused death.
ACKNOWLEDGMENT
This research received financial support from
the Ministry of Science, Technology and the
Environment, Malaysia, IRPA Grant # 06-02-
03-0714, Vot-F 0128/2001A and Vot-F 0119/
2002B.
REFERENCES
1. Schmidt NJ, Lennette EH, Ho HH.  An apparently
new Enterovirus isolated from patients with disease
of the central nervous system.  J Infect Dis 1974;
129: 304-9.
2. Brown BA, Pallansch MA.  Complete nucleotide
sequence of enterovirus 71 is distinct from
poliovirus.  Virus Res 1995; 39: 195-205.
3. Chumakov M, Voroshilova M, Shindarov L,
Lavrova I, Gracheva L, Koroleva G, et al.
Enterovirus 71 isolated from cases of epidemic
poliomyelitis-like disease in Bulgaria.  Arch Virol
1979; 60: 329-40.
4. Lum, LCS, Wong KT, Lam SK, Chua KB, Goh
AY, Lim WL et al.  Fatal Enterovirus 71
encephalomyelitis.  J Pediatr 1998; 133: 795-8.
5. AbuBakar S, Chee HY, Al-Kobaisi MF, Xiaoshan
J, Chua KB, Lam SK.  Identification of Enterovirus
71 isolates from an outbreak of hand, foot and
mouth disease (HFMD) with fatal cases of
encephalomyelitis in Malaysia.  Virus Res 1999;
61: 1-9.
6. AbuBakar S, Chan YF, Lam SK.  Outbreaks of
Enterovirus 71 infection.  New Engl J Med 2000;
342: 355-6.
7. Singh S, Chow VTK, Chan KP, Ling AE, Poh CL.
RT-PCR, nucleotide, amino acid and phylogenetic
analyses of enterovirus type 71 strains from Asia.  J
Virol Methods 2000; 88: 193-204.
8. Chang, LY, Lin TY, Hsu KH, Huang YC, Lin KL,
Hsueh C.  Clinical features and risk factors of
pulmonary oedema after enterovirus 71-related
hand, foot, and mouth disease.  Lancet 1999; 354:
1682-6.
9. Yan JJ, Wang JR, Liu CC, Yang HB, Su IJ.  An
outbreak of enterovirus 71 infection in Taiwan
1998: A comprehensive pathological, virological
and molecular study on a case of fulminant
encephalitis.   J Clin Virol 2000; 17: 13-22.
10. Wong KT, Chua KB, Lam SK.
Immunohistochemical detection of infected neurons
as a rapid diagnosis of enterovirus 71
encephalomyelitis.  Ann Neurol 1999; 45: 271-2.
11. AbuBakar S, Shafee N, Chee HY.  Induction of
apoptosis in neurogenic pulmonary edema.  Med J
Malaysia 1999; 54:402-3.
12. Shafee N, AbuBakar S.  Induction of apoptosis by
dengue 2 (New Guinea C strain) virus infection in
vitro.  As Pac J Mol Biol Biotechnol 1997; 5: 111-
7.
13. Shafee N, AbuBakar S.  A simple agarose-trap
method for detection of DNA fragmentation in
apoptotic cells.  JUMMEC 2001; 6: 40-1.
14. AbuBakar S, Shafee N, Chee HY.  Outbreak of
fatal childhood viral infection in Sarawak, Malaysia
in 1997: Inocula of patients’ clinical specimen
induce apoptosis in vitro.  Malaysian J Pathol 1998;
20: 71-81.
15. AbuBakar S, Shafee N, Chee HY.  Detection of
apoptotic cells in Vero cell cultures inoculated with
samples derived from fatal cases of Sarawak acute
childhood viral infection.  Med J Malaysia 1998;
53: 293-5.
16. Cardosa MJ, Krishnan S, Tio PH, Perera D, Wong
SC.  Isolation of subgenus B adenovirus during a
fatal outbreak of enterovirus 71-associated hand,
foot, and mouth disease in Sibu, Sarawak.  Lancet
1999; 354: 987-91.
17. AbuBakar S, Shafee N, Chee HY.  Adenovirus in
EV71-associated hand, foot, and mouth disease.
Lancet 2000; 355: 146.
18. Tolskaya EA, Romanova LI, Kolesnikova MS,
Ivannikova TA, Smirnova EA, Raikhlin NT et al.
Apoptosis-inducing and apoptosis-preventing
functions of poliovirus.  J Virol 1995; 69: 1181-9.
19. Jackson AC, Park H.  Apoptotic cell death in
experimental rabies in suckling mice.  Acta
Neuropathol 1998; 95: 159-164.
35
HEV71 INFECTION INDUCES APOPTOSIS
20. Girard S, Couderc T, Destombes J, Thiesson D,
Delpeyroux F, Blondel B.   Poliovirus induces
apoptosis in the mouse central nervous system.  J
Virol 1999; 73: 6066-72.
21. Lewis J, Wesselingh SL, Griffin DE, Hardwick JM.
Alphavirus-induced apoptosis in mouse brains
correlates with neurovirulence.  J Virol 1996; 70:
1828-35.
22. Young LS, Dawson CW, Elipoulos AG.  Viruses
and apoptosis.  Br Med Bull 1997; 53: 509-21.
23. Shi B, Raina J, Lorenzo A, Busciglio J, Gabudza D.
Neuronal apoptosis induced by HIV-1 Tat protein
and TNF-alpha: potentiation of neurotoxicity
mediated by oxidative stress and implications for
HIV-1 dementia.  J Neurovirol 1998; 4: 281-90.
24. Fazakerley JK, Allsopp TE.  Programmed cell
death in virus infections of the nervous system.
Curr Top Microbiol Immunol 2001; 253: 95-119.
